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(54) Fuel cell stack compression method and apparatus 



(57) An electrochennical fuel cell stack comprising 
an upper end plate assennbly (14); a lower end plate 
assembly (16); at least one electrochennical fuel cell 
assennbly (12) interposed between the upper and lower 
end plate assemblies; and a clamp mechanism opera- 
tive (18) to compressively clamp the stack. The upper 
end plate (14) assembly comprises a distributor plate 
(28) overlying the fuel cell assembly and pressed 
against the fuel cell assembly via a the clamp mecha- 
nism; an upper end plate (26) overlying the distributor 
plate and pressed against the distributor plate by the 
clamp mechanism; and a plurality of screws (30) 
threaded through threaded bores in the upper end plate 
at spaced locations in the upper end plate and bearing 
at their lower ends on an upper face of the distributor 
plate (28). The screws are selectively tightened to pro- 
vide a substantially uniform torque in each screw 
whereby to assure uniform compressive loading across 
the area of the distributor plate and thereby across the 
area of the fuel cell assembly. The use of the screws to 
apply the compressive loading allows the use of a rela- 
tively thin upper end plate thereby reducing the overall 
weight of the fuel cell assembly for a given capacity fuel 
cell. 
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Description 
Government Rights 

[0001] The Government of the United States of 5 
America has rights in this invention pursuant to Contract 
No. DE-AC02-90CH10435 awarded by the U.S. Depart- 
ment of Energy. 

Field of the Invention 

[0002] The invention relates to fuel cells and, more 
particularly, to fuel cells arranged in a stack and held in 
compression. 

Background of the Invention 

[0003] Fuel cell stacks typically comprise a plurality 
of fuel cell assemblies stacked one upon the other and 
held in compression with respect to each other. Typi- 
cally, each fuel cell assembly comprises an anode layer, 
a cathode layer, and an electrolyte interposed between 
the anode layer and the cathode layer. Fuel cell stacks 
require a significant amount of compressive force to 
squeeze the cells of the stack together. This force 
comes about from the internal gas pressure of the reac- 
tants plus the need to maintain good electrical contact 
between the internal components of the cell. Typically, 
the per area unit force is about 200 psi total. This force 
must be distributed evenly over the entire active area of 
the cell (typically 500-1,000 square centimeters for 
automotive size stacks). Thus, the total compressive 
force of these size stacks is between 1 6,000 and 32,000 
pounds. The challenge for the designer of the stack 
compression mechanism is to distribute the compres- 
sive force uniformly over the cell active area. 
[0004] Prior art attempts to provide this uniform 
compression distribution have included rigid end plates 
with external tie rods, rigid end plates with band clamps, 
semi-rigid end plates with a cavity for a gas bladder, and 
rigid end plates with internal tie rods passing through 
the cells. 

[0005] In the rigid end plate with external tie rods, 
threaded tie rods extend from the perimeter of an upper 
end plate along the outside of the stack to the perimeter 
of the lower end plate so that the total compressive 
force is carried by the tie rods. The end plate must be 
thick enough so that a small (about less than 1 mil per 
cell) total deflection is achieved. The disadvantage of 
this system is that the end plate must be very thick as 
compared with all other options since the total end plate 
span is the largest and no other method is employed to 
generate even force over the entire plate area. 
[0006] In the rigid end plate with band clamps, one 
or more band straps are wrapped around the end plates 
to provide a degree of support at the center of the upper 
end plate. This arrangement has the advantage that the 
bands are thin straps of metal resulting in a lesser vol- 



ume consumed at the stack exterior as compared with 

external tie rods but has the disadvantage that it is diffi- 
cult to realize a significant support at the center of the 
upper end plate with the straps. 

[0007] In the semi-rigid end plate with a cavity for a 
gas bladder, the lower face of the upper end plate is hol- 
lowed out, a bladder is positioned in the end plate cavity, 
and the bladder is pressurized to provide the desired 
compressive loading of the stack. The upper end plate 
itself is now allowed to bend somewhat while the blad- 
der maintains uniform force distribution over the total 
plate area. This arrangement has the advantage that 
the structural component of the upper end plate can be 
made thinner since it is allowed to flex considerably but 
has the disadvantage that it requires a cavity in the end 
plate with the result that the overall thickness of the end 
plate is significantly increased. 

[0008] In the rigid end plate with internal tie rods 
through the cells, the tie rods extend through the center 
of the cells to allow the placement of the tie rods nearer 
to the center of the end plate. Now the total span of the 
bending force is not extended over the entire width of 
the upper end plate but rather a shorter span is 
achieved. This arrangement has the advantage of 
reducing span length of the upper end plate resulting in 
the ability to use a thinner end plate but has the disad- 
vantage that it requires complex bipolar plate sealing 
mechanisms to enable the tie rods to pass through the 
cells. 

Summary of the Invention 

[0009] This invention is directed to the provision of 
an improved fuel cell assembly. 

[0010] More specifically, this invention is directed to 
the provision of an improved compression method and 
apparatus for a fuel cell stack. 

[0011] The invention is directed to a fuel cell of the 
type comprising an upper end plate assembly; a lower 
end plate assembly; at least one electrochemical fuel 
cell assembly interposed between the upper and lower 
end plate assemblies and including an anode layer, a 
cathode layer, and an electrolyte interposed between 
the anode and cathode layers; and clamp means oper- 
ative to compressively clamp the stack. 
[0012] According to the invention apparatus, one of 
the end plate assemblies comprises an end plate con- 
fronting the fuel cell assembly and pressed against the 
fuel cell assembly by the clamp means; a plurality of dis- 
crete force exerting devices positioned in the end plate 
at spaced locations in the end plate and selectively 
movable relative to the end plate in an axial direction 
generally transverse to the general plane of the end 
plate; and holding means operative to maintain each 
force exerting device in any axial position to which it is 
moved relative to the end plate. With this arrangement, 
the discrete force exerting devices may be selectively 
moved relative to the end plate to assure a substantially 
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uniform compressive loading across the area of tine fuel 
cell assembly and the end plate itself may be relatively 
thin and allowed to flex. 

[0013] According to a further feature of the inven- 
tion apparatus, the force exerting devices and the hold- 
ing means comprise screws threaded through bores in 
the end plate and bearing at free ends thereof against a 
confronting face of the fuel cell assembly. With this 
arrangement the screws may be selectively tightened to 
provide a substantially uniform torque in each screw 
whereby to assure a uniform compressive loading 
across the area of the fuel cell assembly while allowing 
the use of a relatively thin end plate which is allowed to 
flex. 

[0014] According to a further feature of the inven- 
tion apparatus, the one end plate assembly comprises 
the upper end plate assembly and the end plate com- 
prises an upper end plate. The principles of the inven- 
tion may be applied to either the upper or the lower end 
plate assembly or both end plates. The principles of the 
invention are most readily and advantageously applied 
to the upper end plate assembly. 
[0015] According to a further feature of the inven- 
tion apparatus, the upper end plate assembly further 
includes a distributor plate overlying the fuel cell assem- 
bly and interposed between the fuel cell assembly and 
the upper end plate and the lower ends of the screws 
bear against the upper face of the distributor plate. With 
this arrangement selective tightening of the screws 
assures a substantially uniform compressive loading 
across the area of the distributor plate and thereby 
across the area of the fuel cell assembly. 
[0016] According to a further feature of the inven- 
tion apparatus, the clamping means comprises tie rod 
assemblies interconnecting the upper and lower end 
plate assemblies. The compression arrangement of the 
invention allows conventional external tie rod assem- 
blies to be utilized in combination with a relatively thin 
upper end plate. 

[0017] The invention methodology relates to a 
method of reducing the thickness and thereby the 
weight of one of the end plates of an electrochemical 
fuel cell stack of the type comprising an upper end plate; 
a lower end plate; at least one electrochemical fuel cell 
assembly interposed between the upper and lower end 
plates and including an anode layer, a cathode layer, 
and an electrolyte interposed between the anode and 
cathode layers; and clamp means operative to com- 
pressively clamp the stack. 

[0018] According to the invention methodology, a 
plurality of discrete force exerting devices are posi- 
tioned in the one end plate at spaced locations in the 
one end plate with each force exerting device being 
selectively movable relative to the one end plate in an 
axial direction generally transverse to the general plane 
of the one end plate; holding means are provided which 
are operative to maintain each force exerting device in 
any axial position to which it is moved relative to the one 



end plate; and each force exerting device is selectively 
moved relative to the one end plate to assure substan- 
tial uniform compressive loading across the area of the 
fuel cell assembly. This methodology allows the use of a 

5 relatively thin and relatively lightweight end plate which 
may flex in response to the selective movement of the 
force exerting devices while the force exerting devices 
act to provide the uniform compressive loading across 
the area of stack. 

10 [0019] According to a further feature of the inven- 
tion methodology, the force exerting devices and the 
holding means comprise screws threaded through 
threaded through bores in the one end plate and bear- 
ing at free ends thereof against a confronting face of the 

15 fuel cell assembly and the selectively moving step com- 
prises selectively tightening the screws to provide a 
substantially unifonn torque in each screw. This meth- 
odology assures a uniform compressive loading across 
the area of the fuel cell assembly while allowing the rel- 

20 atively thin and relatively lightweight end plate to flex. 
[0020] According to a further feature of the inven- 
tion methodology, the one end plate comprises the 
upper end plate, the fuel cell stack further includes a 
distributor plate overlying the fuel cell assembly and 

25 interposed between the fuel cell assembly and the 
upper end plate, and the lower ends of the screws bear 
against the upper face of the distributor plate. With this 
methodology, selective tightening of the screws assures 
a substantially uniform compressive loading across the 

30 area of the distributor plate and thereby across the area 
of the fuel cell assembly. 

Brief Description of the Drawings 



Figure 1 is perspective view of a fuel cell stack 
according to the invention; 

40 Figure 2 is a cross-sectional view taken on 2-2 of 
Figure 1; 

Figure 3 is a view similar to Figure 2 but illustrating 
the manner in which the fuel cell stack is compres- 
45 sively loaded; 

Figure 4 is a detail perspective view showing com- 
ponents of an end plate assembly utilized in the 
invention compression apparatus; 

50 

Figure 5 is a detail view taken within the circle 5 of 
Figure 3; 

Figure 6 is a fragmentary view showing details of a 
55 fuel cell; and 

Figure 7 is a fragmentary perspective view showing 
the loading of the stack. 
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Description of the Preferred Embodiment 

[0022] The fuel cell stack 10 seen in Figure 1 
includes a plurality of fuel cells 1 2 arranged in a stacked 
configuration; an upper end plate assembly 14; a lower 5 
end plate assembly 16; and tie rod assemblies 1 8. 
[0023] Each fuel cell 12 (Figure 6) includes an 
anode flow fuel plate or anode layer 20; a cathode flow 
fuel plate or cathode layer 22; and a membrane elec- 
trode assembly or electrolyte 24. 10 
[0024] Upper end plate assembly 14 (Figures 1 and 
4) comprises an upper end plate 26, a current collector 
or distributor plate 28, and a plurality of screws 30. A 
plurality of spaced threaded through bores 26a are pro- 
vided in upper end plate 26 in a pattern or array extend- 75 
ing substantially over the entire surface area of the 
plate. The threads of bores 26a match the threads of 
screws 30. Screws 30 (Figure 5) may for example com- 
prise headless machine screws including an Allen head 
socket 30a in the top end of each screw. 20 
[0025] Lower end plate assembly 16 includes a 
plate 31 . The plate assemblies and the fuel cells may 
have a rectangular configuration, as shown, although 
other configurations may also be used. Each tie rod 
assembly 18 includes a bolt 32 and a nut 34. Each bolt 25 
32 includes a head 32a and a threaded shaft portion 
32b. 

[0026] In the assembled relation of the fuel cell, the 
fuel cells 12 are stacked on top of lower end plate 31; 
distributor plate 28 is positioned on top of the stacks; 30 
upper end plate 26 is positioned on top of distributor 
plate 28; screws 30 are respectively threaded into 
threaded bores 26a in the upper end plate 26; tie rod 
assemblies 18 extend between the upper and lower end 
plate assemblies so as to constitute clamping means for 35 
maintaining the entire assembly in a clamped configura- 
tion; and threaded through bores 26a in upper end plate 
26 are distributed in a pattern or array extending sub- 
stantially over the entire surface area of the stacked fuel 
cells. It will be understood that, in accordance with 40 
known fuel cell technology, reactant and coolant fluid 
streams are supplied to and exhausted from internal 
manifolds and passages (not shown) in the stack. 
[0027] Once the fuel cells stack has been assem- 
bled, screws 30 are selectively threaded into their 45 
respective bores 26a so as to bear on their lower ends 
30a against the upper face of distributor plate 28. The 
screws are selectively tightened in a manner to produce 
a substantially uniform torque in all of the screws and 
thereby produce a substantially uniform compressive 50 
loading applied to the stack via the distributor plate 
through each of the screws. For example, and as seen 
schematically in Figure 7, the screws may be tightened 
to a uniform predetermined torque utilizing a torque 
wrench 36 having an Allen head driver 36a for receipt in 55 
Allen head sockets 30a. 

[0028] Since the amount of compressive loading 
generated in the upper end plate by the tie rods 18 will 



vary depending on the distance from the tie rods with 

the compressive loading being at a maximum in the 
perimeter area of stack bounded by the tie rods and at a 
minimum in the center of the stack, the screws adjacent 
the perimeter of the stack will require a relatively mini- 
mal amount of tightening to generate a given amount of 
torque and compressive loading and the screws at the 
center of the stack will require a relatively maximum 
amount of tightening to produce the same given amount 
of torque and compressive loading. As a result, and as 
best seen in Figure 3, the upper end plate 26, which 
may be relatively thin according to the invention to 
reduce the overall weight of the fuel cell assembly, is 
allowed to flex and assume the bowed or flexed config- 
uration seen in exaggerated form in Figure 3 with the 
perimeter areas of the upper end plate substantially 
contiguous with the upper face of the distributor plate, 
the center area of the plate bowed or flexed upwardly 
significantly with respect to the distributor plate, and the 
intermediate areas of the plate between the perimeter 
and the center bowed in progressively lesser amounts 
measured from the center to the perimeter. The selec- 
tively tightened screws as seen in Figure 3, since they 
have been tightened to a uniform given torque, all exert 
the same axial compressive forces against the distribu- 
tor plate so as to apply a uniform compressive force to 
the distributor plate and thereby to the cells of the stack. 
[0029] It will be seen that the use of the screws 30 
to apply the compressive loading to the stack allows the 
use of a relatively thin upper end plate since the screws 
effectively transmit the compressive force evenly over 
the stack plate area even though the end plate, by virtue 
of its relative thinness, is allowed to bend or flex signifi- 
cantly. Since the combined weight of the relatively thin 
upper end plate 26 and the screws 30 may be signifi- 
cantly less than the weight of a relatively thick end plate, 
the invention reduces the weight of the fuel cell assem- 
bly for a given fuel cell capacity. 
[0030] Whereas a preferred embodiment of the 
invention has been illustrated and described in detail, it 
will be apparent that the various changes may be made 
in the disclosed embodiment without departing from the 
scope or spirit of the invention. For example, although 
tie rods have been illustrated as the clamping means for 
the fuel cell assembly, other clamping means, such as 
bands, may also be employed. Further, although the 
force exerting devices positioned in the end plate com- 
prise screws in the preferred embodiment, other force 
exerting devices such as ratcheting pins may also be 
employed. Further, whereas the invention has been 
illustrated and described as applied to the upper end 
plate assembly of the fuel cell stack, similar volume and 
weight benefits could be realized by applying the princi- 
ples of the invention to the lower end plate assembly. In 
addition, it is to be understood that the invention as illus- 
trated and described is applicable to both the upper and 
lower plates, at the same time. 

[0031] While this invention has been described in 
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terms of certain embodiments thereof, it is not intended 
that it be limited to the above description, but rather only 
to the extent set forth in the following claims. 
[0032] The embodiments of the invention in which 
an exclusive property or privilege is claimed are defined 
in the following claims. 

Claims 

1. An electro-chemical fuel cell stack comprising an 
upper end plate assembly; a lower end plate 
assembly; at least one electrochemical fuel cell 
assembly interposed between the upper and lower 
end plate assemblies and including an anode layer, 
a cathode layer, and an electrolyte interposed 
between the anode and cathode layers; and clamp 
means operative to compressively clamp the stack, 
characterized in that one of said end plate assem- 
blies comprises: 

an end plate confronting the fuel cell assembly 
and pressed against the fuel cell assembly by 

the clamp means; 

a plurality of discrete force exerting devices 
positioned in the end plate at spaced locations 
in the end plate and selectively moveable rela- 
tive to the end plate in an axial direction gener- 
ally transverse to the general plane of the end 
plate; and 

holding means operative to maintain each force 
exerting device in any axial position to which it 
is moved relative to the end plate, whereby the 
force exerting devices may be selectively 
moved relative to the end plate to assure a sub- 
stantially uniform compressive loading across 
the area of the fuel cell assembly. 

2, An electrochemical fuel cell stack according to 
claim 1 wherein the force exerting devices and the 
holding means comprise screws threaded through 
threaded through bores in the end plate and bear- 
ing at free ends thereof against a confronting face 
of the fuel cell assembly, whereby the screws may 
be selectively tightened to provide a substantially 
uniform torque in each screw whereby to assure a 
uniform compressive loading across the area of the 
fuel cell assembly. 

3. An electrochemical fuel cell stack according to 
claim 2 wherein: 

said one end plate assembly comprises the 

upper end plate assembly; and 

said end plate comprises an upper end plate. 

4, An electrochemical fuel cell stack according to 

claim 3 wherein the upper end plate assembly fur- 
ther includes a distributor plate overlying the fuel 



cell assembly and interposed between the fuel cell 
assembly and the upper end plate; and 

lower ends of the screws bear against an upper 
5 face of the distributor plate whereby selective 

tightening of the screws assures a substantially 
uniform compressive loading across the area 
of the distributor plate and thereby across the 
area of the fuel cell assembly. 

10 

5. An electrochemical fuel cell stack according to 
claim 4 wherein the clamping means comprises tie 
rod assemblies interconnecting the upper and 
lower end plate assemblies. 

15 

6. An electrochemical fuel cell stack comprising an 
upper end plate assembly; a lower end plate 
assembly; at least one electrochemical fuel cell 
assembly interposed between the upper and lower 

20 end plate assemblies and including an anode layer, 
a cathode layer, and an electrolyte interposed 
between the anode and cathode layers; and clamp 
means operative to compressively clamp the stack, 
characterized in that the upper end plate assembly 

25 comprises; 

a distributor plate overlying the fuel cell assem- 
bly and pressed against the fuel cell assembly 
by the clamp means; 

30 an upper end plate overlying the distributor 

plate and pressed against the distributor plate 
by the clamp means; and 
a plurality of screws threaded through threaded 
through bores in the upper end plate at spaced 

35 locations in the upper end plate and bearing at 

their lower ends on a upper face of the distribu- 
tor plate, whereby the screws may be selec- 
tively tightened to provide a substantially 
uniform torque in each screw whereby to 

40 assure a uniform compressive loading across 

the area of the distributor plate and thereby 
across the area of the fuel cell assembly. 

7. An electrochemical fuel cell stack according to 
45 claim 6 wherein the clamp means comprises tie rod 

assemblies interconnecting the upper and lower 
end plate assemblies. 

8. A method of reducing the thickness and thereby the 
50 weight of at least one of the end plates of an elec- 
trochemical fuel cell stack of the type comprising an 
upper end plate; a lower end plate; at least one 
electrochemical fuel cell assembly interposed 
between the upper and lower end plates and includ- 

55 ing an anode layer, a cathode layer, and an electro- 
lyte interposed between the anode and cathode 
layers; and clamp means operative to compres- 
sively clamp the stack, the method comprising: 



5 



.1 10 

electrochemical fuel cell assembly interposed 
between the upper and lower end plate assemblies 
and including an anode layer, a cathode layer, and 
an electrolyte interposed between the anode and 
cathode layers; and clamp means operative to com- 
pressively clamp the stack, a method of reducing 
the thickness and thereby the weight of the upper 
end plate while assuring uniform compressive load- 
ing of the stack, the method comprising: 
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positioning a plurality of discrete force exerting 
devices in said one end plate at spaced loca- 
tions in said one end plate with each force 
exerting device being selectively movable rela- 
tive to said one end plate in an axial direction 5 
generally transverse to the general plane of 
said one end plate; 

providing holding means operative to maintain 
each force exerting device in any axial position 
to which it is moved relative to said one end 10 

plate; and 

selectively moving each force exerting device 
relative to said one end plate to apply compres- 
sive loading to the fuel cell assembly, whereby 
to allow the use of a relatively thin and relatively 15 
lightweight end plate to apply compressive 
loading to the fuel cell assembly which may flex 
in response to the selective movement of the 
force exerting devices while the force exerting 
devices act to assure substantially uniform 20 
compressive loading across the area of the fuel 
cell assembly. 



9. A method according to claim 8 wherein: 

25 

the force exerting devices and the holding 
means comprise screws threaded through 
threaded through bores in said one end plate 
and bearing at free ends thereof against a con- 
fronting face of the fuel cell assembly; and 30 
the selectively moving step comprises selec- 
tively tightening each screw to provide a sub- 
stantially uniform torque in each screw 
whereby to assure uniform compressive load- 
ing across the area of the fuel cell assembly 35 
while allowing the relatively thin and relatively 
lightweight end plate to flex. 

10. A method according to claim 9 wherein said at least 
one end plate is the upper end plate. 40 

11. A method according to claim 10 wherein the fuel 
cell stack further includes a distributor plate overly- 
ing the fuel cell assembly and interposed between 

the fuel cell assembly and the upper end plate; and 45 
the lower ends of the screws bear against the upper 
face of the distributor plate whereby selective tight- 
ening of the screws assures a substantially uniform 
compressive loading across the area of the distrib- 
utor plate and thereby across the area of the fuel so 
cell assembly. 

12. A method according to claim 1 1 wherein the clamp- 
ing means comprises tie rod assemblies intercon- 
necting the upper and lower end plates. 55 

13. In an electrochemical fuel cell stack comprising an 
upper end plate; a lower end plate; at least one 



positioning a plurality of discrete force exerting 
devices in the upper end plate at spaced loca- 
tions in the upper end plate with each force 
exerting device being selectively movable rela- 
tive to the upper end plate in an axial direction 
generally transverse to the general plane of the 
upper end plate; 

providing holding means operative to maintain 
each force exerting device in any axial position 
to which it is moved relative to the upper end 
plate; and 

selectively moving each force exerting device 
relative to the upper end plate to apply com- 
pressive loading to the fuel cell assembly, 
whereby to allow the use of a relatively thin and 
relatively lightweight upper end plate which 
may flex in response to the selective movement 
of the force exerting devices while the force 
exerting devices act to assure a substantially 
uniform compressive loading across the area 
of the fuel cell assembly. 

14. A method according to claim 13 wherein: 

the force exerting devices and the holding 
means comprise screws threaded through 
threaded through bores in the upper end plate 
and bearing at their lower ends on the upper 
face of the fuel cell assembly; and 
the selectively moving step comprises selec- 
tively tightening each screw to provide a sub- 
stantially uniform torque in each screw 
whereby to assure a uniform compressive load- 
ing across the area of the fuel cell assembly. 

15. A method according to claim 14 wherein the fuel 
cell stack further includes a distributor plate overly- 
ing the fuel cell assembly and interposed between 
the fuel cell assembly and the upper end plate; and 

the lower ends of the screws bear against the 
upper face of the distributor plate whereby 
selective tightening of the screws assures a 
substantially uniform compressive loading 
across the area of the distributor plate and 
thereby across the area of the fuel cell assem- 
bly. 
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16. A method according to claim 15 wlierein tine clamp- 
ing means comprises tie rod assemblies intercon- 
necting the upper and lower end plate assemblies. 
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